New radiometric data have been obtained for two-mica granites from the Baga-Gazryn Chuluu Pluton in Central Mongolia, classified previously as A-type granites based on their geochemical characteristics and tectonic position. Three most common granite varieties were dated by 40 Ar-
Introduction
We present new cooling ages for biotite from the granites of the Baga-Gazryn Chuluu Pluton (BGC) in Central Mongolia, which are important for any discussion on the petrogenesis or relationships of this intrusion to other magmatic bodies located along the Mid-Mongolian Tectonic Zone (Tomurtogoo 1997) . This first-scale tectonic lineament represents a suture after the closure of the last oceanic basin in the Mongolian part of the Altaids (Central Asian Orogenic Belt) -the Mongol-Okhotsk Ocean (e.g. Windley et al. 2007; Wilhem et al. 2012) . Extensive Mesozoic magmatism in the northern part of Mongolia was directly linked with the closure of this oceanic domain (Donskaya et al. 2012 ).The BGC Pluton was emplaced into the zone of intense Phanerozoic continental accretion, connected with juvenile crust formation, typical of the Altaids (e.g. Jahn 2004; Jahn et al. 2009; Machowiak and Stawikowski 2012) .
The first datings of the BGC granites and accompanying metasomatites have been made in early 1970's using the K-Ar technique (Kovalenko et al. 1971a) . By the recent standards, the results were not satisfactory, as the ages spread over 65 Ma, with over 40 Ma ranges for individual rock varieties.
Geological setting and previous geochronology
The subject of the presented study is the granitic Baga-Gazryn Chuluu Pluton in Central Mongolia, with an outcrop area of c. 120 km 2 (Machowiak and Stawikowski 2012) . The Pluton hosts numerous greisen bodies carrying Sn-W mineralization (Kovalenko et al. 1971a, b) . The BGC granites were classified by the Soviet and Mongolian geologists (Kovalenko et al. 1971a, b) as belonging to the regional 'Sharakhadinskii' type of Li-F granites. By the latter authors, they were included into the group of the Early Mesozoic intrusions with the maximum of magmatic activity at c. 210 Ma.
The BGC Pluton has been chosen for the study due to its specific tectonic position close to the fault systems of broadly defined Mid-Mongolian Tectonic Line (Tomurtogoo 1997) as well as a peculiar geochemical signature. The BGC granites display alkaline characteristics, and are enriched in REE and other elements of potential economic value (Kovalenko et al. 1971a; Machowiak and Stawikowski 2012) . In Europe, granites having a similar geochemical signature are rare. The investigated plutonic body is situated c. 30 km SW of the Adaatsag ophiolite (Tomurtogoo et al. 2005; Bussien et al. 2011 ), a relic of oceanic lithosphere preserved after the Mongol-Okhotsk Ocean closure (Fig. 1) .
In the tectonic division of Mongolia (Badarch et al. 2002) , the studied igneous body belongs to the Middle Gobi Belt (MGB), a large volcano-plutonic unit of Permian-Mesozoic age. It is located close to the NW boundary of the MGB with the Adaatsag Terrane, interpreted as a former accretionary wedge (Badarch et al. 2002) transformed into a suture zone (Bussien et al. 2011) .
According to previous interpretations based on the K-Ar dating and regional geological context (Kovalenko et al. 1971a, b) , the BGC granites intruded into Permian volcano-sedimentary rocks of the MGB in the Early Mesozoic times (Tomurtogoo et al. 1998 (Tomurtogoo et al. -2002 Fig. 2) . The Pluton emplacement caused a relatively narrow contact aureole of hornfelses, suggesting a shallow level of intrusion (Machowiak and Stawikowski 2012) .
Thirteen rock samples from the BGC Pluton have been previously dated on whole-rock samples as well as biotite and K-feldspar concentrates by K-Ar technique (Kovalenko et al. 1971a Small (several meters in size) outcrops of trachyandesites are scattered near the contact with the BGC Pluton ( Fig. 2) and bigger, up to several tens of meters long bodies situated c. 10 km to NE of the BGC Pluton. In the literature (Kovalenko et al. 1971a ) and on the geological map of the studied area (Tomurtogoo et al. 1998 (Tomurtogoo et al. -2002 , the trachyandesites were described as plagioclase porphyries and assigned to Jurassic or Permian, whereas the age of the BGC Pluton was considered to be Late Triassic/Early Jurassic or Middle Jurassic. The trachyandesites are surrounded by the rocks of Permian volcano-sedimentary sequence (Machowiak and Stawikowski 2012) .
Methods

Electron-microprobe analysis (EPMA)
The electron-microprobe studies on mineral chemistry from the granites and greisens of the BGC Pluton have been conducted on c. 15 polished thin sections at the Institute of Mineralogy, Leibnitz University in Hannover and the Joint-Institute Analytical Complex for Minerals and Synthetic Substances, Warsaw University, using the Cameca SX-100 apparatuses. All the analyses have been performed using the WDS (wavelength dispersion) technique, with 15 kV accelerating voltage, 10 and 20 s counting times and a beam current of 20 or 10 μA. Mineral standards as well as PAP and ZAF correcting procedures have been applied (Reed 1993). ). Subsequently, the biotite flakes were hand-picked under the microscope. Such biotite concentrates have been sent to Activation Laboratories Ltd., in Canada. The samples wrapped in Al foil were loaded in evacuated and sealed quartz vial with K and Ca salts and packets of LP-6 biotite interspersed with the samples to be used as a flux monitor. The samples were irradiated in the nuclear reactor for 48 hours. The flux monitors were placed between every two samples, thereby allowing precise determination of the flux gradients within the tube. After the flux monitors were run, the J-values were calculated for each Fig. 2 Geological sketch of the Baga-Gazryn Chuluu Pluton (after Kovalenko et al. 1971a, Machowiak and Stawikowski 2012, modified 
Whole-rock geochemistry
Rock description and chemical composition of minerals
Baga-Gazryn Chuluu granites
The Baga-Gazryn Chuluu granites are divided into three textural varieties (Machowiak and Stawikowski 2012) :
• fine-grained equigranular granites (Fig. 3a) and finegrained porphyritic granites, occurring mostly in the marginal zone (Fig. 2) ; • medium-grained porphyritic granites ( Fig. 3b) with occurrences scattered all over the Pluton; • coarse-grained equigranular, locally porphyritic granites ( Fig. 3c ) -mainly in the inner part of the Pluton (Fig. 2) . However, field observations have revealed strong textural heterogeneity of the BGC Pluton. The individual varieties pass into each other over small distances, which makes the precise distribution of the three facies unmapable. Therefore, the presented sketch of the Pluton (Fig. 2) indicates the domination of the granite varieties in given parts of the intrusion, not their exclusive occurrences. The contacts between them, even though frequently sharp, are often uneven and gradual, corresponding to plastic behavior of the solidifying magmas. The BGC granites do not contain any enclaves (Machowiak and Stawikowski 2012) .
The granites of the BGC Pluton display monotonous modal composition with K-feldspar (35 to 50 vol. % in the rock; Or 90-99 Ab 10-1 ), quartz (25 to 40 vol. %), plagioclase (3 to 10 vol. %; An 0-10 ) ( In all porphyritic varieties of the BGC granites, phenocrysts are mainly idiomorphic or hypidiomorphic, perthitic K-feldspars. The potassium feldspars form also smaller hypidio-to xenomorphic grains in the groundmass. Quartz is xenomorphic and usually displays undulose extinction. The plagioclases are mostly unzoned. They occur subordinately, in some samples sparsely. Sporadically, myrmekites are observed. Biotites are usually hypidiomorphic, while less frequently The electron-microprobe analyses of micas (Tab. 1) have shown that biotites are characterized by very low MgO (0.13-1.1 wt. %, usually 0.6 8 wt. %) and very high FeO (20-28 wt. %, typically 24-26 wt. %). As for the micas, fairly high is the content of MnO (0.2-1.5 wt. %, usually 0.5-0.7 wt. %) and Al 2 O 3 (17-20 wt. %). Accordingly, the Al concentrations in the octahedral sites are very high (0.5-1.2 apfu, most frequently 0.6-0.8 Al IV apfu). The muscovites display high SiO 2 (47-49 wt. %), increased Al 2 O 3 (24-30 wt. %) and K 2 O (10.2-11.0 wt. %) contents, low FeO (2.3-2.7 wt. %) and elevated (compared to the remaining micas) Al concentrations in the octahedral sites (Al IV = 1.7-1.8 apfu). The sums of octahedral cations are close to 2.0 apfu, and the rest is assumed to be Li 2+ , which could not be determined by the EPMA. Typical potassium micas from the granites studied are solid solutions of muscovite (0.72-0.76 mol. %), Fe-celadonite (0.15-0.17 mol. %), Mg-celadonite (0.055-0.060 mol. %) and polylithionite (0.01-0.06 mol. %).
The presence of zinnwaldite in the studied rocks is indicated by high ('muscovitic') interference colours, conspicuous greenish-passing to grey-passing to brown pleochroism, and systematically observed deficiency in cations of the biotite octahedral sites, ranging between 0.37 and 0.55 apfu. It was assumed that such a portion in the structure of all the studied biotites (trioctahedral mica) is occupied by Li. This assumption extends the isomorphic series of biotite (White et al. 2007; Tajčmanová et al. 2009) (Rieder et al. 1998) .
Zinnwaldite is defined as a series of trioctahedral potassium Fe-Li-Al micas (Tab. 1, Fig. 5 ) with a composition transitional between siderophyllite and polylithionite (Rieder et al. 1998 ). The presented results document zinnwaldite as a solid solution in the annite-polylithionite-muscovite-masutomilite series. Its composition changes over a rather narrow range: annite 0.115-0.118 mol. %, polylithionite 0.366-0.375 mol. %, muscovite 0.475-0.480 mol. % and masutomilite 0.035-0.042, while the Ti-biotite and siderophyllite proportions are close to zero.
Lepidolite, when referring to the isomorphic series of potassium Fe-Li-Al (Mn,Mg,Ti) micas as well as in comparison to the muscovite composition, does not include Fe-celadonite, Mg-celadonite and siderophyllite members (Tab. 1, Fig. 5 ). All the Fe 2+ is represented by annite. The lepidolite from the BGC granites is a solid solution between muscovite (0.47-0.57 mol. %), masutomilite (0-0.005 mol. %), polylithionite (0.37-0.48 mol. %) and annite (0.05-0.09 mol. %).
The most common accessories are zircon and monazite, found as very small grains (<50 μm) enclosed mainly by biotite. Apatite and opaque phases have not been observed. Lithium micas and muscovites are usually devoid of the two. Depending on the degree of greisenization, variable contents of topaz, fluorite and mica aggregates (usually biotite-zinnwaldite) are observed. The BGC granites display no clear evidence for hydrothermal alteration. 
Granite geochemistry
The compositions of selected, representative granitic rocks are presented in Tab. 2, further data and details can be found in the preceding specific geochemical study (Machowiak and Stawikowski 2012) . The BGC granites are characterized by high SiO 2 contents (73.7-80.2 wt. %, av. 76.4 wt. %), and distinctly elevated alkalis (K 2 O 3.8-6.6 wt. %, av. 4.9 wt. %, Na 2 O 2.8-3.9 wt. %, 3.3 wt. %). The alumina saturation index (A/CNK = Al 2 O 3 /(CaO + Na 2 O + K 2 O) in mol. %) is close to 1. The magnesium number (Mg# = Mg/(Mg + Fe) in mol. %) is usually low but variable (1.9-20.5, typically below 10) (Machowiak and Stawikowski 2012) .
The contents of selected trace elements in the granites are presented in a spider diagram normalized to the composition of the average continental crust (Fig. 6) . The BGC granites reveal strong depletions in Ba, Sr and Ti and as well as enrichments in most other trace elements, most notably Rb, Cs, Th, Ta, and HREE + Y. Their content of Eu is very low (<0.05-0.44 ppm, av. 0.17), in
Greisens
The greisens occur mainly as zones of alteration, concentrated along the margin of the intrusion and in the regions of intense fracturing of the BGC Pluton (Fig. 2) . They reveal strong mineralogical diversity. The most frequently observed type are dark mica (biotite-zinnwaldite)-quartz greisens, with differing proportions of the two main minerals. The second type, the light quartz-mica (muscovite-lepidolite) greisens, is characterized by an elevated quartz content. The quartz-fluorite greisens, with violet and green fluorite mineralization, contain subordinate white micas (muscovite-lepidolite) (Tab. 1, Fig. 5 ). In places, they are strongly deformed, which is taken as an evidence of their genetic relation with the older dislocation zones. The last type of greisens resembles strongly altered granites. They display relic granitic textures, and contain remnants of magmatic minerals (such as feldspars and biotites replaced by mica aggregates) as well as high fluorite and topaz contents. In majority of the samples, the "lanthanide tetrad effect" has been observed (Machowiak and Stawikowski 2012) , typical of highly evolved granites, mainly those characterized by significant contents of volatiles at the final stage of crystallization (e.g. Masuda et al. 1987; Irber 1999) . The distinct Eu anomaly as well as the trends (Fig. 7) are characteristic of strongly fractionated rocks that originated from crustal material. The elevated HREE contents suggest an absence of garnet in the residue during anatexis (e.g. Rollinson 1993 Ar/ Ar mometry of Watson and Harrison (1983) . For the most granite samples, the obtained values are relatively high, c. 800 ºC (Machowiak and Stawikowski 2012) .
Results of 40 Ar-39 Ar dating
Due to the absence of large enough zircon grains to be analyzed by SHRIMP (>50 μm), Ar-Ar dating method on biotite concentrates has been applied in order to constrain the emplacement/cooling ages of the individual facies within the BGC Pluton. Taking into account that greisenization may potentially disturb 40 Ar/ 39 Ar isotope ratios in micas (e.g. Smith et al. 2005) , dating samples have been collected far from the greisenization zones. The field and microscopic observations further helped to select the samples with fresh and homogenous biotite.
The biotite concentrates were prepared from the most representative samples of three main granite varieties of the Baga-Gazryn Chuluu Pluton (Fig. 2): (1) fine-grained equigranular granite W78 (Fig. 3a) from the western margin (46° 12' 38.9" N, 105° 58' 19.3" E) . (2) mediumgrained porphyritic granite K15 (Fig. 3b) coming from the NE part (46° 13' 38.4" N, 106° 05' 26.6" E), and (3) coarse-grained porphyritic granite M25 (Fig. 3c) collected in the central part of the Pluton (46° 12' 55.9" N, 106° 00' 48.1" E). The results of 40 Ar-39 Ar radiometric dating (Tab. 3) are documented by the plateau and inverse isochron diagrams (Figs 8-10 ) and also presented in a synthetic table (Tab. 4).
The three analysed biotite concentrates from the BGC granites yielded weighted mean plateau ages of 209.4 ± 3.2 Ma (2σ, fine-grained granite W78), 211.9 ± 4.0 Ma (medium-grained granite K15), and 201.0 ± 3.6 Ma (coarse-grained granite M25). initial ratios seem to be overestimated, as the inverse isochron diagrams are partly non-linear.
Discussion and conclusions
The Late Triassic cooling ages from the Baga-Gazryn Chuluu Pluton in principle confirm the previous K-Ar dating (whole rock, biotite and K-feldspar) and the interpretation of regional geology (e.g. Kovalenko et al. 1971a, b; Tomurtogoo et al. 1998 Tomurtogoo et al. -2002 . Surprisingly, the youngest age was determined for the coarse-grained granite from the inner part of the intrusion. This disagrees with Kovalenko et al. (1971a) who assumed that the coarse-grained variety was older than the finer grained granite types of the BGC. However, radiogenic Ar could have been diffusively lost from biotite due to thermodynamic disequilibrium, initiated e.g. by temperature fluctuations and/or greisenization in the BGC granites. Therefore, the obtained ages should be treated as minimal constraints and caution should be exercised in interpretation of the obtained age differences for the three textural varieties of the BGC granites. The advanced greisenization of the granites is testified, inter alia, by their modal composition, in places enriched in lithium micas and other minerals connected with such processes. Also based on the field observations -common occurrences of mutual interfingering between at least two types of the granite -it can be assumed that the time intervals between the successive magmatic pulses in the BGC Pluton were short enough to sustain plastic behavior of the contacting varieties of granites.
Relics of the rocks which are considered as transitional to volcanic facies were found in the envelope near the NE border of the Pluton (Fig. 11) . These felsites characterized by large K-feldspar phenocrysts and very- fine-grained groundmass are taken as an evidence that the BGC Pluton was a shallow, possibly subvolcanic intrusion with volcanic cover. The presence of weakly developed, narrow contact aureole around the Pluton also supports the relatively shallow emplacement level of the BGC intrusion. The trachyandesites occurring near the BGC Pluton are most probably older than the granite intrusion, although no cross-cutting relationships were observed in the field. However, the trachyandesites are structurally conformable with the sedimentary cover of the Pluton.
The BGC granitic body is situated adjacent to regional-scale dislocation zone connected with the MidMongolian Tectonic Line (Tomurtogoo 1997), a large tectonic lineament, which formed as a result of the Mongol-Okhotsk Ocean closure (Donskaya et al. 2012) . While the collision in the eastern part of this oceanic domain took place in Middle (Tomurtogoo et al. 2005) or Late Jurassic (Zonenshain et al. 1990) or even in Early Cretaceous (Cogne et al. 2005) , it probably proceeded diachronically, in the "scissor-like fashion" from west to east (e.g. Bat-Ulzii et al. 2004; Machowiak and Stawikowski 2012) . This would explain the younger age of the closure recorded in the eastern part of the tectonic suture and the older age in its western part, where the presented plutonic body is located. However, the BGC granites did not form during the subduction and collision stages, which in the studied area took place in the latest Paleozoic (e.g. Bussien et al. 2011 ) but rather due to post-convergent activity of the suture zone area in the extensional regime.
The geochemical signature of the BGC Pluton granites as well as the zircon saturation temperatures may indicate a shallow, crustal source subjected to melting at relatively high temperatures. The granites crystallized from completely molten magma, which is evidenced by an absence of restitic enclaves. The feasible model would be partial melting of continental crust due to its basal heating by mantle magmas rising into the shallow lithosphere (Machowiak and Stawikowski 2012) . The contribution of mantle magma in the melt seems to be possible, although at the current stage of study, without isotopic data, difficult to prove. However, it seems to be more likely that the role of mantle magmas was limited only to be a heat generator, which initialized the crustal anatexis.
Indeed, as the nearby Adaatsag Ophiolite (c. 30 km to NE from the Baga-Gazryn Chuluu area) was dated as Carboniferous (Tomurtogoo et al. 2005) , one should assume, that the closure of Mongol-Okhotsk Ocean in this part of the suture commenced not earlier than in the Latest Paleozoic. This is additionally documented by the Late Paleozoic age of granitoids in this region (Oyungerel and Ishihara 2005) , which are most likely connected with subduction/collisional setting. On the other hand, the younger, anorogenic granites of Mesozoic age (Oyungerel and Ishihara 2005) , including the BGC Pluton granites, intruded already in the extensional regime (Machowiak and Stawikowski 2012) . The current 40 Ar-39 Ar study of the Baga-Gazryn Chuluu Pluton confirms the Mesozoic age of the A-type granites occurring in this area, and is the step to elucidate the evolution of magmatism near the Mid-Mongolian Tectonic Line. It indicates the necessity of follow-up radiometric investigations on granitoid rocks of similar type, located in the vicinity of this important structural zone. 
